Abstract: Tranexamic acid has been shown to be an effective agent in reducing blood loss in various surgical procedures; however, there is a dearth of evidence for its use and potential side effects in urological surgical procedures. This review discusses the pathophysiology of tranexamic acid, its use in traumatic and surgical bleeding and the current evidence for its potential utilisation in urological surgery.
INTRODUCTION
Tranexamic acid has been shown to reduce the mortality and morbidity of traumatic and surgical bleeding [1, 2] . It is an established treatment to reduce blood loss and the requirement for transfusion in several elective and emergency surgical procedures [1, 3] . Currently, it is being assessed in large multi-national randomised trials in traumatic head injury, and upper gastrointestinal bleeding to re-enforce its evidence base for use in these conditions [4 -6] . Surgical trials are yet to clearly establish whether there is an increased risk of thromboembolic events.
Tranexamic acid has traditionally been avoided in urology and there is a paucity of urology speciality specific evidence for its effects on transfusion and thrombosis rates. Despite surgical advances some urological surgeries continue to have significant blood loss and transfusion rates. In this review, we discuss the current evidence for tranexamic acid and consider its use in urology surgery.
PATHOPHYSIOLOGY
There are three anti-fibrinolytics; Epsilon Aminocaproic Acid (EACA), Aprotinin and Tranexamic acid (TA). EACA is a synthetic derivative of lysine and has a strong inhibitory effect on plasminogen. It has been widely used, but large doses are required for it to be effective, as such, a more effective compound was required [7] . Aprotinin is a direct inhibitor of several serine proteases, which include tissue and plasma kallikrein, trypsin and plasmin. By inhibiting plasma kallikrein, aprotinin minimises derangements to coagulation and fibrinolysis [8] . It is an expensive bovine product, and due to the increased risk of mortality, acute renal failure, congestive cardiac failure and stroke [9] , it was removed from the market in 2008.
TA, which was discovered by Okamoto et al. [7] , is another synthetic derivative of lysine, which is ten times more effective than EACA with a good side effect profile [8] . It reversibly and competitively binds with lysine binding sites on plasminogen molecules and consequently reduces the affinity of plasminogen to bind fibrin. Reduced thrombin activity leads to a porous fibrin network, which leads to increased permeability of fibrinogen and impairs fibrinolysis and dissolution of a fibrin clot [10, 11] . At increased doses TA may also inhibit plasmin activity [12] .
Pharmacodynamically the estimated half-life of TA is about 80 minutes with peak plasma concentrations at 60 minutes. It accumulates in all tissues, freely crosses the placenta, is found in breast milk and is renally excreted [13] .
Dosing is highly variable within completed studies using loading doses 2.5mg/kg to 100mg/kg and maintenance doses of 0.25mg/kg/hour to 4mg/kg/hour. A meta-analysis evaluating dose response did not show a significant difference in bleeding and transfusions rates between low and high doses [14] .
BLEEDING IN TRAUMA AND EMERGENCY PATIENTS
The Clinical Randomisation of Anti-fibrinolytics in Significant Haemorrhage (CRASH-2) is the largest antifibrinolytics trial and assessed the effects of early administration of TA in trauma patients, with or at risk of significant bleeding. This large multi-national randomised control trial enrolled 20,211 adult patients in over 40 countries. Patients were randomly assigned within 8 hours of injury to either TA monotherapy (utilising a loading dose of 1g intravenously over 10 min then an infusion of 1g over 8 hours) or a matched placebo groups [1] .
This trial found that all-cause mortality was reduced significantly (14.5% vs. 16%; relative risk 0.91, 95% CI 0.85-0.97; p = 0.0035) as was the risk of death related to bleeding (4.9% vs. 5.7% relative risk 0.85; 95% CI 0.76 -0.96 p= 0.0077), particularly if treated within 1 hour. However, there was no reduction in rate of transfusion. Both the availability of blood products and transfusion protocols are variable between these forty countries, with only two per cent of trial patients from countries, which routinely provide rapid access to blood products, interventional radiology, trauma surgery and advanced critical care. It has also been hypothesized that some of the death reduction may be secondary to other mechanisms such as anti-inflammatory effects [1, 9] .
The WOMAN (World Maternal Antifibrinolytic) trial was an international, randomised, double-blind placebocontrolled trial of women aged 16 years and older with a clinical diagnosis of Post-Partum Haemorrhage (PPH) (3). 20000 women whom had a PPH (blood loss of greater than 500mls) were given either 1g intravenously of TXA over 10 minutes or placebo. If bleeding continued after 30 minutes or stopped and then re-started within 24 hours of the first dose, a second dose of study drug was administered. There was no difference in the composite end point of all-cause mortality. Mortality was 5.3% in TXA and 5.5% in control group. 95%CI 0.87-1.09;p=0.65. There was a statistical difference in reduction in deaths from bleeding; 155 (1·5%) of 10 036 vs 191 (1·9%); Risk Ratio [RR] 0·81, 95% CI 0·65-1·00; p=0·045. There was an Absolute risk reduction 0.4%; the number needed to treat is 267. There was no difference in venous thromboembolism, myocardial infarction or sepsis between the groups (3).
The Tranexamic acid for hyperacute primary Intracerebral Haemorrhage (TICH-2): an international randomised, placebo-controlled, phase 3 superiority trial, reported in May, 2018 (4). This international, randomised placebocontrolled trial randomised adults with intracerebral haemorrhage, from acute stroke units, to receive 1 g intravenous TXA bolus followed by an 8 h infusion of 1 g tranexamic acid or a matching placebo, within 8 h of symptom onset. The primary outcome was functional status at 90 days, post event. 2325 patients were recruited to this trial. The primary outcome did not differ significantly between the groups (adjusted Odds Ratio [aOR] 0·88, 95% CI 0·76-1·03, p=0·11). There were fewer deaths in the TXA group but this data was not significant (4) .
There are a number of ongoing large multicentre multi-national trials evaluating TA in various emergency settings. These include; The Clinical Randomization of an Antibrinolytic in Significant Head injury (CRASH-3) study closes to recruitment on the 31 st January 2019, with over 12,000 patients already recruited. The Hemorrhage Alleviation with and mortality when compared with both TA and EACA. Further analysis, in 2007 by the same group, showed aprotinin as an independent predictor of 5 year mortality [15] .
The BART (Blood conservation using Antifibrinolytics in a Randomized Trial) study compared 2331 high risk cardiac surgery patients. It assessed the effects of aprotinin, TA and EACA on 30 day mortality and massive postoperative blood loss. This study was terminated early due to higher mortality in the aprotinin arm, leading to a subsequent withdrawal of the drug from the market [16] . Several reviews have questioned the methodology of this study and a review by the European Medicines Agency also recommended the lifting of the suspension following a review, in limited indications.
With the ongoing safety concerns surrounding aprotinin, this drug has not been and is unlikely to be utilized in the near future in urological surgical procedures. Hence, aprotinin has not been reviewed further especially with the emergence of TA which is cheap, widely employed across specialties and a well-established part of the algorithm for the management of trauma patients.
The systematic review published in 2011 by Henry et al. [14] identified 65 controlled-trials investigating the effect of TA in cardiac (n=34), orthopaedic (n=27), hepatobiliary (n=2), vascular (n=1) and gynaecological (n=1) surgery. In total 2528 patients were randomised to TA therapy and 2314 to a control arm. This review found that TA reduced the need for transfusion by 39%, however specialty-specific analysis only revealed a significant reduction in cardiac, orthopaedic and vascular surgery trials. In addition, it was shown that TA therapy significantly reduced total blood loss, intra-operative and post-operative blood loss, however there was no significant reduction in the re-operation rate for haemorrhage [2, 17] . Of the trials that reported on mortality and morbidity there was no increased risk in mortality, incidence of myocardial infarction, cerebrovascular events, pulmonary embolism, deep vein thrombosis or renal failure with TA therapy unlike aprotinin [18, 19] .
Maged et al. [20] showed similar results in their recent trial of preoperative TA in woman undergoing elective cesarean section. This study recruited 100 women to each arm and found blood loss was significantly higher in the placebo group (700 +/-143.9 mL) than in the TA group (459.4 +/-75.41 mL, p<0.001). There were no reports of thromboembolic events up to four weeks post-operatively. Hodda et al. [22] randomized 60 patients whom were undergoing elective surgery for meningioma to either receive 20mg/kg over 20 mins and an infusion of 1mg/kg/hr till conclusion of surgery, or placebo. There was a significant reduction in blood loss of 830mls vs 124mls p= 0.03. There was also a reduced transfusion rate but this was not significant.
Few studies have assessed the potential merits of employing antifibrinolytics in elective urological surgery. Rannikko A et al. [23] and Kumsar S et al. [24] , both assessed the role of TA in reducing the amount of blood loss experienced during transurethral resection of the prostate (TURP) in 136 and 40 men, respectively. Rannikko A et al. [23] found that administering 2 g TA three times on the day of the operation and one day post-op, significantly reduced the operative blood loss associated with TURP (128 mL vs. 250 mL, p=0.018) even with similar amount of tissue resection between the two groups. In addition, they found the use of TA reduced the volume of irrigation fluid required (15 L vs. 18 L, p=0.004) and operating time (36 min vs. 48 min, p=0.001). Similarly, Kumsar S et al. [24] found intraoperative use of TA reduced operative time (p<0.001), the volume of irrigation fluid needed (p=0.027) and the amount of haemoglobin loss per gram of resected tissue (p<0.001).
Crescenti et al. [25] found in 200 patients undergoing radical retropubic prostatectomy, those treated with intraoperative TA had significantly lower mean intra-operative blood loss (1103 mL vs. 1335 mL, p=0.02) and transfusion rates (absolute risk reduction of 21%) compared to the placebo group with no significant difference between the incidence of thromboembolic events in the two groups. Similarly, Zaib et al. [26] found in 103 patients who received a TA infusion during open radical cystectomy for bladder cancer that the post-operative blood transfusion rate was significant decreased in comparison to matched controls (31.1% vs. 57.7%, p<0.0001) and TA did not significantly increase the pre-operative venous thromboembolic rate (p=0.52).
THROMBOEMBOLISM, CONTRAINDICATION AND SIDE EFFECTS
Concerns regarding a theoretical increased risk of thromboembolic disease with the use of TA have in part been responsible for its cautious and perhaps decreased use.
However, large systematic reviews have shown no increase in the incidence of thromboembolic events in elective surgery [2, 15] . Likewise, the CRASH-2 trial showed no significant increase in thromboembolic events in trauma patients with TA therapy, and beneficially demonstrated a reduced rate of myocardial infarction [1] .
Other side effects of TA previously described include seizures, gastro-intestinal upset and problematic clot formation in macroscopic haematuria. Seizures have been described following administration of high dose TA [19, 27] . GABA is the main inhibitory neurotransmitter in the adult brain. TA inhibits glycine receptors and binds competitively to GABA type A receptors. The lower TA doses used in the CRASH-2 appear safe, however, there is a theoretical lower seizure threshold. Some anaesthetic agents have glycine agonist properties and may help to prevent seizures following surgery [11, 28] . Nausea and diarrhoea were observed in up to 12% of patients with 4g of TA daily for menorrhagia [18, 29] .
Macroscopic haematuria has long been regarded as a relative contra-indication for the use of TA due to problems with clot formation. However, there are a number of case reports suggesting improved outcomes in patients with lifethreatening haematuria secondary to polycystic kidney disease with TA therapy [18] .
BLOOD LOSS AND TRANSFUSION REQUIREMENTS IN UROLOGICAL SURGERY
Urological surgery has embraced new techniques and technology to make a substantial shift towards minimally invasive surgery. This shift is widely accepted to have resulted in decreased morbidity and a reduction in the length of stay of many common procedures. Despite this certain common procedures continue to have significant blood loss and transfusion rates, as demonstrated in Table 1 . [48, 50] When considering peri-operative haemorrhage and transfusion there are firstly clinical complications but also the impact on wider health. The complications of blood transfusion are well documented and include; haemolytic reactions, transmission of infection, clotting abnormalities, hyperkalaemia, circulatory overload and transfusion related lung injury. In addition, recent studies have also suggested that peri-operative blood transfusion may also decrease survival and result in worse oncological outcomes [27, 28] .
In order to reduce the need for transfusion new guidelines and technologies have been implemented. For example, recent National Institute for Health and Care Excellence guidelines suggest the consideration of erythropoietin, intravenous or oral iron, cell salvage and tranexamic acid in patients undergoing surgery to reduce the need for transfusion [29] . Currently, new topical agents such as gelatins, thrombin and fibrin sealants, synthetic glues and collagens have been commonly used intra-operatively to reduce bleeding and the potential need for transfusion.
Haemorrhage and transfusion impacts the wider health service by increasing post-operative length of stay, also with a blood donor service under considerable pressure to continue to recruit enough donors, the benefits of reducing transfusion rates are clear. There may also additional benefits in reducing the risk of haemorrhage in certain cohorts such as Jehovah's witnesses.
As previously mentioned traditionally TA has been widely avoided by urologists due to the risk of intravesical clot formation in those with haematuria. However, in patients under close observation in the peri-operative period on specialist wards with catheters in-situ the risk of clot retention with TA is hypothesised to be small. In addition, multiple studies that have utilised TA in urological procedures have not shown a significant increase in thromboembolic events with its use [25, 26] .
RESULTS AND DISCUSSION
There appears to be good evidence that TA can reduce blood loss and the transfusion rate in a number of emergency and elective settings without a significant elevation in thromboembolic disease and an overall good side effect profile. On-going trials in a variety of settings will help our understanding of the potential benefits or complications of this therapy.
However, the studies assessing elective surgery are predominantly completed in patients who do not have an oncological diagnosis. Urological patients, particularly those undergoing surgery with a higher transfusion rate often have multiple risk factors for thrombo-embolism (pelvic surgery, oncological diagnosis, immobility) and thus care should be taken when considering the potential thromboembolic risk of TA. Though few, the studies assessing the employment of TA in urological procedures highlight its merit in reducing intraoperative blood loss with no significant increase in thromboembolic events.
CONCLUSION
Tranexamic acid is used widely in emergency and elective surgery and is safe in these settings. Further speciality specific evidence is required to improve the evidence base within urology.
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